Most patients infected with HIV-1 develop AIDS unless they receive antiretroviral medication. However, a small number of HIV-infected individuals with high viral titers remain disease free and do not experience progressive immunosuppression, even in the absence of therapy. Such individuals are labeled longterm nonprogressors (LTNPs) and are characterized by a series of laboratory parameters that are usually compromised in HIV-1 carriers who ultimately develop AIDS. In particular, LTNPs possess a high frequency of peripheral CD4 + T cells, as well as a low level of spontaneous apoptosis, correlating with a normal mitochondrial transmembrane potential (∆ψ m ) among circulating T cells. It has long been assumed that, as an experimentum naturae, LTNPs might furnish valuable clues for the identification of molecular determinants of HIV-1 pathogenesis. A study by Badley and colleagues involving LTNPs, reported in this issue of the JCI (1), strongly suggests that viral protein R (Vpr) is a major HIV-1 virulence factor.
Vpr -a cytocidal protein encoded by HIV-1
The HIV-1 genome encodes structural and enzymatic proteins common to all retroviruses, but also some accessory proteins that are not always required for the replication of HIV-1. One of these accessory proteins, Vpr, is found in virions, HIV-1-infected cells, and in the serum and cerebrospinal fluid of HIV-1 carriers. Vpr is a small (96 amino acids) soluble protein composed of three α-helical domains (Figure 1a) . Vpr is dispensable for viral replication in T lymphocytes, but not in monocytes, and thus is rapidly lost among laboratory HIV-1 isolates. In contrast, Vpr is maintained in most HIV-1-infected patients, indicating that this protein may be important for the in vivo biology of HIV-1. In vitro, Vpr reduces the proliferation of CD4 + lymphocytes and of various other cell types via a G 2 cell cycle arrest. Moreover, Vpr induces cell death through the intrinsic pathway of apoptosis, which involves mitochondrial membrane permeabilization (MMP), the release of cytochrome c from mitochondria, and the cytochrome c-dependent activation of caspases (2, 3) .
A fraction of Vpr transfected into cells can be found in the mitochondrial compartment (2) . When added to purified mitochondria, recombinant or synthetic Vpr crosses the outer membrane through the voltage-dependent anion channel. It then interacts with the adenine nucleotide translocator (ANT) in the inner mitochondrial membrane to form a composite ion channel. This channel dissipates the ∆ψ m and thus favors MMP and subsequent apoptosis (3). The physical interaction between Vpr and ANT has been determined by coimmunoprecipitation, electrophysiological measurements, and surface plasmon resonance (3) . Vpr fails to kill ANT-deficient cells (3) , which suggests that the Vpr/ANT interaction is central to the apoptosisinducing properties of Vpr.
Vpr is mutated in LTNPs
In this issue of the JCI, Badley and colleagues (1) report that 80% of LTNPs manifest a point mutation in Vpr leading to the exchange of arginine 77 with a glutamine residue. This mutation (R77Q) is far less frequent (33%) among patients with progressive disease. Badley and coauthors' analysis confirms previous studies (4) and supports the idea that Vpr may serve as a mediator of CD4 + T cell depletion in HIV infection. In T cell infections utilizing vesicular stomatitis virus G protein-pseudotyped HIV-1 particles, the R77Q mutation had no impact on cell cycle arrest or viral replication, yet it led to a significant reduction in apoptosis (1). Compared to the wild-type Vpr peptide, a synthetic Vpr peptide carrying the R77Q mutation induced much less apoptosis, ∆ψ m dissipation, cytochrome c release, and caspase-3 activation (1). This result has been demonstrated in vitro, when Vprderived peptides were added to human T lymphoma cells, and in vivo, when such peptides were injected into mice in which the depletion of CD4 + and CD8 + T cells was being monitored (1) . Based on these findings, Badley and coauthors (1) propose that the R77Q mutation (and the subsequent reduction in Vpr-mediated apoptosis) might explain the LTNP phenotype.
How the Vpr mutation attenuates Vpr function
How is it possible that the R77Q mutation reduces Vpr-mediated apoptosis induction and HIV-1 virulence, even though computer-based calculations do not predict any major effect of this single amino acid substitution on the overall folding of the α-helical structure (5) of Vpr (Figure 1a) ? The answer to this enigma may reside in the mechanism through which Vpr interacts with ANT. Indeed, the minimum unit of Vpr capable of inducing MMP in vitro in isolated mitochondria is a dodecapeptide (aa 72-83) located within the C-terminal α-helix (3). This mitochondriotoxic domain contains three arginine (R) residues (R73, R77, and R80), which asymmetrically distribute to just one side of the α-helix and participate in the physical interaction with one particular moiety of the six-transmembrane domain ANT, namely the first loop (amino acids 104-116) exposed to the mitochondrial intermembrane space. These positively charged R residues (e.g., R77, but also R73 or R80) within Vpr are likely to be involved in cation-π interactions with F109, W111, Y113 and/or F114 within ANT (Figure 1b ). This type of noncovalent binding, which is as least as strong as a hydrogen bond, is increasingly considered for drug design and has been shown to be instrumental for antigen recognition by immune receptors, detection of DNA damage by repair enzymes, and ligand-elicited receptor signaling (6) . Mutations of R77, as described by Badley and colleagues (1), may be expected to strongly reduce the affinity of Vpr for ANT. This would explain the reduced mitochondriotoxic and proapoptotic potential of Vpr R77Q.
Based on these findings, several tantalizing possibilities arise. It appears possible that R77Q could act as a dominant-negative Vpr mutant, based on the previous finding that R73-mutated Vpr reverses the wild-type Vpr-mediated block in host cell proliferation, presumably through the N-terminus-mediated oligomerization with wild-type Vpr (7). Such dominant-negative Vpr inhibitors, as well as synthetic blockers of the Vpr/ANT interaction, may be expected to have a positive impact on the prognosis of HIV-1 infection, provided that Vpr and the Vpr/ANT interaction are truly important for AIDS pathogenesis. Indeed, HIV protease inhibitors have already been shown to suppress the MMP-inducing effects of two ANT ligands, Vpr and atractyloside, as assessed using isolated mitochondria (8) . This could explain why HIV-1 protease inhibitors can inhibit HIV-1-induced apoptosis, independently of their anti-retroviral effect. (10) . The inner mitochondrial membrane (dark blue) is indicated to facilitate the topological orientation of the third loop (residues 104-116) of ANT. C, carboxy terminus; N, amino terminus; L134 and R72 are amino residues of ANT.
